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Abstract 
 

This presentation will illustrate a direct comparison of DEA versus a formulated selective 
MDEA solvent (HS-115) loaded under similar operating conditions. Also included is a 
description of the conversion process, facility modifications, projected and actual benefits. 
Finally, the results of an on-line performance test at maximum rates will be reviewed.  
 

Introduction The Brazeau River Gas Plant (LSD 3-12-46-14-W5M) is a sour gas processing facility with 
an inlet design capacity of 220 MMscfd. The facility is located approximately 170 Kilometers 
southwest of Edmonton, Alberta (Figure #1 included in attachments displays a regional map 
with facility location). Gulf Canada is the plant operator and there are seven owners.  
 
The Brazeau River Gas Plant amine system consists of two identical trains (plant #1 & #2) 
each designed to process approximately 110 MMscfd each (Figure #2 included in 
attachments displays a process flow schematic for a typical amine train). The original gas 
treating process was a conventional amine system employing a 22 wt% DEA solution.  
 
The plant was constructed in 1968 as a single train with an inlet design capacity of 73 
MMscfd of dry Elkton-Shunda gas. Original discovery was the Brazeau River Gas Unit 
containing 1.35 % H2S & 12 bbl condensate/MMscfd.  
 
In 1972, a second processing train capable of processing a further 83 MMscfd of Elkton-
Shunda gas was added. In 1978 a de-bottleneeking project was completed to increase the 
plant design capacity to 220 MMscfd (110 MMscfd per train) in winter and approximately 
194 MMscfd in summer conditions (96 MMscfd and 98 MMscfd for trains #1 & #2 
respectively).  
 
Each processing train has an arnine sweetening and sulphur recovery unit. Each sulphur 
plant consists of a split flow, two converter Claus unit designed to process 60 tonnes/day. 
The minimum licensed sulphur recovery is 92.1%. The plant process is controlled by a 
Fisher Rosemount distributed control system.  
 
Process heat is supplied by a hot oil heat transfer fluid.  
 
The plant #1 amine system was converted from DEA to a formulated high performance 
MDEA based solvent on October 4, 1996. Benefits from the amine conversion project 
include the following:  
 
• Reduced fuel gas consumption resulting from decreased amine regeneration reboiler 

duty.  
• Reduced electrical demand on amine circulation pumps, amine regeneration overhead 

condensers and lean amine coolers.  
• Improved sulphur plant performance due to enriched acid gas feed.  
• Increased gas processing capacity. The results from an on-line performance test at 

maximum rates operating with new formulated amine will be discussed.  
 
 
The second amine plant was converted to the same formulated MDEA on April 14, 1997, 
following a successful comparison of this solvent versus DEA loaded under identical 
operating conditions. 
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MDEA Chemistry Methyldiethanolamine (MDEA) based sweetening solvents have received a great deal of 
attention because the capability for "selective" reaction with H2S in the presence of CO2. 
Selective gas treating refers to the preferential removal of hydrogen sulphide from a sour 
gas stream while rejecting most of the accompanying CO2 or delaying the recovery of CO2 

until a subsequent processing step. Selective treatment using chemical solvents is usually 
based on the more rapid pickup of H2S compared to CO2. Thus, the contact time between 
the solvent (MDEA) and sour gas is limited to permit removal of the H2S only to the degree 
required and then to stop the contact so that only minimum co-absorbtion of CO2 occurs. 
Increased selectivity for H2S over CO2  expands the regeneration capacity of an amine unit, 
reduces the energy required for treating and improves the H2S quality of the acid gas.  
 
The selectivity of MDEA and related solvents can be influenced by:  
1. Contact temperature - colder processing (less than 90°F) or hotter processing (greater      

than 120°F) results in improved selectivity.  
2. Contact pressure - lower pressures improve selectivity.  
3. Feed gas CO2/ H2S ratio - higher ratios of CO2 to H2S favor selectivity.     
4. Total acid gas loading.  
5. Location of lean amine feed point on contactor tower.  
 
MDEA based solvents have numerous advantages over primary amines (MEA and DGA) 
and secondary amines (DEA):  
• Selectively removing H2S from gas stream, while kinetically limiting CO2 absorption. 

Amine selectivity will enrich acid gas feed to the sulphur plant, increasing sulphur plant 
efficiency & capacity. (reference #1).  

• Less degradation. Unlike MEA, DEA and DGA, MDEA does not form amine CO2 
degradation products which can enhance corrosion at elevated temperatures in the 
regenerator (reference #1 & #5).  

• Less corrosion. MDEA have a lower corrosion rate than MEA, DEA and DGA (reference 
#1 & #5).  

• Lower amine reboiler duty. The heat of reaction for the H2S and C02 combination found 
at the Brazeau River Gas Plant is about 30% lower than for DEA. The lower amine 
circulation rate and heat of reaction combine to provide reduced amine reboiler duty 
(reference #1). Heats of reaction for H2S and CO2 for various pure amines are 
discussed in reference #6.  

• Solvent losses are reduced due to lower MDEA vapor pressure. Typically DEA losses 
are 4 lb/MMscf and MDEA losses are 1-1 1/2 to 2 lb/MMscf. 

• Lower amine circulation rate and pumping horsepower. Acid gas pickup of up to 0.5 
mole/mole MDEA is available without a need to consider costly metallurgy upgrades 
(reference #1 & #5). 

 
Arnine solvent concentration is usually limited by corrosion considerations. MEA 
concentration is limited to 15 to 20 wt% due to its primary amine characteristics. DEA is a 
secondary amine and its operating concentration is limited to 30 wt%. MDEA based solvents 
can operate at much higher concentrations with low corrosion potential. Considerable 
additional treating capacity is available with the formulated MDEA solvents by increasing the 
weight strength to 50 wt% (reference #6). 
 

MDEA Chemistry 
cont. 

Finally, the desirable characteristics of basic MDEA, depending on application, have been 
extended by various manufacturers through the addition of chemical enhancers to create 
high performance formulated MDEA based products. 
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Plant 
Configuration & 
Operation 

At time of comparison the plant #1 amine system circulated a 40 wt % formulated MDEA 
solvent, slipping approximately 1.5 mole % CO2  to sales gas stream. The plant #2 amine 
system was circulating a 30 wt % DEA solution. The feed to both amine trains contained 
approximately 3.2 mole % CO2 and 1.2 mole % H2S. The original plant design ratio of CO2/ 
H2S was 3.15, as compared to 2.75 at time of conversion. The following table includes a 
comparison of raw gas composition feeding amine contactors from original plant design and 
at time of conversion.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A maximum design outlet gas specification from amine contactor of 16 ppm H2S and 2 mole 
% C02 was used. The following table includes the design sales gas specifications. 
 

Table #2. – Sales Gas Design Specifications 
 
H2S Content (grains/100CF):                                0.25 (16 ppm H2S) 
Mercaptan Content (grains/100 CF):                     0.20 
Total Sulphur (grains/100 CF):                                1.0 
C02 Content (mole %):                                              2 
Hydrocarbon Dew Point (Deg F):       15 F @ 800 psia    
Water Content (lbs/MMscf):                                        4       
 
The configuration of plant #1 and #2 amine trains are similar with the following exceptions:  
 
• Plant #1 utilizes a pressurized surge drum, whereas plant #2 utilizes an atmospheric 

surge drum.  
 
• The size of plant #1 and #2 contactors are identical (72" I.D.  x  52'0" T/T c/w 20 trays), 

however the tray types are different. Plant #1 contactor (PV-17.03) is constructed with 
Glitsch perforated truss-type (sieve) trays, whereas plant #2 contactor (PV- 17.52) is 
constructed with Glitsch truss-type ballast (valve) trays.  
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Plant 
Configuration & 
Operation cont. 

The estimated maximum capacities of the amine contactors are as follows:  
 

Raw Inlet: 
Plant # I - PV- 17.03 (Sieve Trays)            94.0 MMscfd  
Plant #2 - PV- 17.52 (Valve Trays)          112.5 MMscfd (on-line performance test confirmed 
                                                                                         124 MMscfd)  
 
Table #5 and #6 included in attachments, summarize the operation of both amine trains, 
illustrating a direct comparison of UCARSOL®  HS-115 and DEA solvents. 
 

System 
Preparation 

To ensure effective operation after conversion to a formulated MDEA solvent, the following 
facilities were installed:  
 
• Rich Amine Filtration  
 
A full flow rich amine bag filter was added to each sweetening train. Polypropylene bags 
were used in each rich filtration unit. The amine filtration system was added to increase 
capability to remove suspended solids. The removal of suspended solids in amine solution 
is required to prevent foaming, erosion and corrosion. Foaming in amine systems is typically 
caused by the following contaminants (reference #1): 
 
• Lubrication oils  
• Dissolved liquid hydrocarbons  
• Valve Greases  
• Well treating chemicals  
• Fine suspended particles entering the system such as iron sulfide and iron oxide. Iron 

sulphide is removed in rich stream through full flow rich filtration.  
• Corrosion inhibitors  
• Excessive antifoam agents  
 
Based  on operational experience, MDEA based solvents appear to have a similar foaming 
tendency when compared to DEA. After an upset (i.e. foaming) the full flow rich bag filtration 
can clean the amine system in approximately 12 hours compared to one week with original 
10 lean filtration facility. After an upset 25µ nominal bags are used for cleanup and 10µ 
nominal bags are used for normal day-to-day operation. 
 
• Carbon Filtration  
 
An activated carbon filter was installed to remove impurities from the lean amine solution. 
Filtration of amine solution through activated carbon bed will achieve the following 
objectives:  
 
• Control foaming in both absorber and in the regenerator.  
• Prevent loss of production due to H2S specification problems.  
• Reduce solvent losses.  
• Maintain operational reliability. 
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System 
Preparation cont. 
 

A 48" O.D. x 12'0" S/S activated carbon filtration vessel was installed common to both 
amine systems. The activated carbon filtration vessel was located on a lean amine slip 
stream (designed to handle 10% of entire amine solution flow) downstream of the existing 
lean amine particulate filter. A bag filter was installed downstream of carbon filter to remove 
fines. The design of carbon filter was based on the following parameters:  
 
• 10~20% slip stream  
• Vessel diameter 4 USGPM/ft2 
• 20~30 Minutes empty bed contact time.  
• Vessel height 1.5 time the carbon height. 
 
The carbon filtration vessel was located downstream of the lean amine mechanical filter to 
prevent fines from accumulating in the upper portion of the activated carbon bed. 
 

 • Inlet Separation (Cyclone Separators)  
 
Cyclone separators were installed on the inlet of each amine train to remove fine liquids 
(primarily compressor lube oil). The purpose of the separator is to remove all hydrocarbon 
liquid carryover from the gas prior to entering the amine contactor. Hydrocarbon liquids in 
the amine solution will have a tendency to cause foaming. The addition of inlet separation 
was also intended to extend life of the sulphur catalyst by reducing hydrocarbon 
contamination in amine solution. The cyclone separators were designed to remove 99.9% of 
all free liquids and solids 5µ and larger.  
 
All inlet gas at the plant is boosted through reciprocating compression. As a result, trace 
lube oil has been found present in amine solution after passing through the cyclone 
separation. Based on experience to date, it is recommended to install coalescer filters rather 
than cyclone separation on an inlet to amine system. The design of an inlet coalescer 
should remove lube oil, which particle sizes are typically in the order of 1 to 10µ in a fine 
mist (reference #4). Coalescing filters were not installed at the Brazeau River Gas Plant due 
to a negative experience operations encountered on a previous installation.  
 
• Sales Gas CO2 Analyzer  
 
An on-line analyzer was added to monitor CO2 slip to sales. The analyzer installed was a 
Siemens Ultramat 21 infrared CO2 analyzer. The analyzer was intended to be an on-line tool 
for optimizing operation of amine system. The following parameters can be adjusted to 
increase CO2  slip to sales and optimize operation of amine system:  
 
• Lean amine circulation  
• Inlet gas and lean amine temperature  
• Hot oil to regenerator (adjust stripping of rich amine solution) as circulation rates are 

adjusted.  
 
The H2S content of sales gas stream was monitored by tying a 4-20 mA signal from the 
Nova meter station analyzer into the plant DCS system. 
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Conclusions UCARSOL® HS-115 solvent was chosen for this application because it could provide much 
greater CO2  slip than other MDEA based solvents (i.e. compared to HS-101). The benefits 
of replacing the DEA solvent with a formulated MDEA solvent are as follows:  
 
• Reduced fuel gas consumption resulting from decreased amine regeneration reboiler 

duty (savings approximately $278,200/year based on both processing trains).  
• Reduced electrical demand on amine circulation pumps, amine regeneration 

overhead condensers and lean amine coolers (savings approximately $41,800/year 
based on both processing trains). Approximately 90% of electrical savings result 
from shutting down of one high pressure amine pump on each train. 

• The acid gas flow to the sulphur plant was reduced by approximately 20%. This now 
provides for even longer catalyst life and greater sulphur plant capacity. Also, the feed 
to sulphur plant was enriched from approximately 21.5 mole % to 32 mole % H2S (at 32 
mole % H2S content in acid gas the CO2  conntent in sales gas is approximately 1 mole 
% representing a conservative estimate).  

• Reduced sulphur plant incinerator fuel gas consumption (savings approximately 
$11,400/year). Both sulphur plants utilize a common incinerator (HT- 15.56).  

• The lean amine cooler limitations in the summer were eliminated. This provided for new 
extra processing capacity in warmer periods of the year.  

• Overall gas processing capacity with UCARSOL® HS-115 is expected to be 4~5% 
greater than with UCARSOL® HS-101 (a solvent much closer to pure MDEA in 
performance). 

 
The total estimated operating cost savings as a result of the project are $331,400/year for 
both amine plants. Table #7 included in attachments provides a detailed estimate of cost 
savings.  
 

 The following table outlines percent change in specific variables comparing operation of 
DEA to formulated MDEA (data is based actual measurements from table #6).  
 
 
 
 
 
 
 
 

Unexpected 
Performance Test 

 
On May 19, 1997 the plant #1 direct fired hot oil medium heater (HR-15.01) at the Brazeau 
River Gas Plant was destroyed in an explosion and created an extraordinary opportunity to 
test the maximum performance of the formulated MDEA. There were no personnel injuries 
associated with the accident. The cause was determined to be an electrically activated 
solenoid valve which failed in the open position, thus allowing fuel gas to enter the heater 
cabin. Operating at reduced rates, the plant was back on-line three hours after the incident, 
processing exclusively through the plant #2 amine system. Performance of the plant #2 
amine system during this period can be described as follows: 
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Unexpected 
Performance Test 
cont. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A plant mass balance based on measured values of 98 E3m3/d of acid gas and 43 
tonnes/day of sulphur production on June 12, results in a calculated H2S inlet concentration 
of 1.0 mole % by volume, a CO2 inlet concentration of 3.7% by volume and a rich solvent 
loading of a little over 0.8 moles of acid gas per mole of solvent.  
 
Unless the hot rich system of the amine plant is designed for handling two phase flow and 
the resultant high velocities operating a rich solvent loading in the range of 0. 8 mole acid 
gas per mole amine is clearly not recommended as an on-going operating practice.  
 
A maximum raw inlet rate of 124 MMscfd was processed through the plant #2 amine system 
for a short period (approximately 12 hours). An important fact to note is the calculated 
maximum rate for the high pressure contactor (PV-17.52) was 112.5 MMscfd. The 
limitations encountered were amine carryover and pressure drop through contactor & 
exchangers in downstream chilling facilities (∆Psystem  ≡ 120 psid). The CO2 slip during this 
period was maximized at 2 mole % and sales gas H2S content was 10 ppm.  
 
The replacement plant #1 hot oil heater was installed and on-line approximately one month 
after the incident.  
 
Comparing production from table #4 above and maximum design circulating DEA, an 
estimate of $438,100 incremental revenue was achieved as a result of the conversion to a 
high performance amine during this period. It is also important to note the maximum design 
rate of 110 MMscfd was never historically achieved circulating DEA through the plant #2 
amine system (i.e. plant would go sour).  
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Attachments  
Figure #1.- Regional Map Showing Plant Location.  
 
Figure #2. - Process Flow Schematic for Typical Amine Train  
 
Table #5. - Comparison of Design, Performance and Simulation Results.  
 
Table #6. - Direct Comparison of Plant #1 & #2 Amine System Overation.  
 
Table #7. - Estimated Cost Savings as a Result of Conversion from DEA to Formulated 
MDEA.  
 
Table #8. - Anticipated Versus Actual Process Changes (DEA Versus Formulated MDEA). 
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Product 
Stewardship 

When considering the use of any Dow products in a particular application, you should review 
Dow’s latest Material Safety Data Sheets and ensure that the use you intend can be 
accomplished safely.  For material Safety Data Sheets and other product safety information, 
contact your Dow representative or the nearest sales office at the numbers listed below.  
Before handling any other products mentioned in the text, you should obtain available 
product safety information and take necessary steps to ensure safety of use. 
 
No chemical should be used as or in a food, drug, medical devise, or cosmetic, or in a 
product or process in which it may contact a food, drug, medical device, or cosmetic until the 
user has determined the suitability and legality of the use.  Since government regulations 
and use conditions are subject to change, it is the user’s responsibility to determine that this 
information is appropriate and suitable under current, applicable laws and regulations.  
 
Dow requests that the customer read, understand, and comply with the information 
contained in this publication and the current Material Safety Data Sheet(s).  The customer 
should furnish the information in this publication to its employees, contractors, and 
customers, or any other users of the product(s), and request that they do the same. 
 
 
 
 

 
To learn more, 
contact 

The Dow Chemical Company 
Midland, Michigan 48674 U.S.A. 
 
For More Information 
In the United States: call toll-free 1-800-447-4369 or 1-800-UCARSOL 
In Canada: call toll-free 1-800-447-4369 ● call 1-403-267-3508 ● fax 1-989-832-1465 
In Northern Europe: call +32 89 51 1022 
In Southern and Eastern Europe, Middle East and India: call 49 7227 91 3814 
In the Pacific: call toll-free +800-7776-7776 ● fax toll-free +800-7779-7779 
In China: call toll-free +10-800-600-00015 ● fax toll-free +10-800-600-0017 
In South and Latin America: call 55 11 5188 9555 
In Mexico: call 52 55 5201 4700 
In Other Global Areas: call 1-989-832-1560 (USA) ● fax 1-989-832-1465 
Or visit us at www.dowgastreating.com 
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